Tin oxide (SnO 2 ) nanoparticles with size range of 19 to 100 nm were successfully synthesized using wet chemical process (i.e. chemical precipitation and sol-gel processes). The results showed that variation of citric acid concentration directly influences the particle size and the BET specific surface area. The XRD analysis revealed that nanoparticles were phase pure and that all materials exhibited a tetragonal rutile structure of SnO 2 . Characterisation of the materials was carried out using techniques such as scanning electron microscopy, X-ray diffraction, Fourier Transform Infrared spectroscopy, Thermogravimetric and BET analyses.
Introduction
Nano-sized tin oxide (SnO 2 ) is an interesting semiconducting material with a wide band gap (Eg = 3.6 eV, at 25 o C). 1, 2 Recently, SnO 2 has attracted much attention due to transparency and sensitivity to reducing gases. Nanoparticles of tin oxide have found a wide range of applications in gas sensors, lithium batteries, optoelectronic devices, transparent electrodes and photocatalysts. [3] [4] [5] [6] [7] [8] [9] As such the effects of experimental conditions on the chemical and microstructural properties are crucial. For this reason sol-gel and chemical precipitation methods were used in the preparation of SnO 2 nanoparticles. It is general knowledge that by changing the synthesis method it is possible to change the properties of metal oxide particles. 10 One of the most commonly used methods to modify the properties of SnO 2 is variation of surfactant and concentration thereof. This could lead to improved surface area as a result of the formation of small particles of SnO 2 . 11, 12 It is generally known that increasing the surface/bulk ratio and reducing grain size for rutile SnO 2 nanoparticles has direct benefit in gas sensing. 13, 14 However, the challenges associated with sol-gel and chemical precipitation methods are that the products have to be thermally treated at high temperatures to obtain crystalline materials. 15 In the process the surface area decreases whilst the particle size increases due to the particle growth and sintering. 16 In our study citric acid was used in various concentrations to prepare SnO 2 particles with fairly narrow size distribution.
Chemical precipitation and sol-gel methods have been widely used to prepare SnO 2 nanoparticles. 13, 14, 17, 18 Recently, citric acid assisted sol-gel synthesis and nitratecitrate gel combustion have been used for the formation of nanoscaled SnO 2 materials. 13, 18, 19 However, little or no information is available in the literature on the use of citric acid in sol-gel synthesis to control the particle size of SnO 2 nanomaterials. 20, 21 Recent studies have shown that nanocrystalline particles with a high surface-tovolume ratio have unique and improved properties. [22] [23] [24] Furthermore, synthesis of nanomaterials with well controlled size, morphology and chemical composition holds promise in exploring new and enhanced physical properties. [25] [26] [27] In our current study the microstructure of SnO 2 could be controlled by method of preparation and variation of citric acid concentration.
Experimental

Preparation of SnO 2 nanopowders
All reagents were used as received. 
Results and discussion
The Physico-chemical properties of SnO 2 samples prepared by both Sol-gel and chemical precipitation procedures are reported in Table 1 hours) the amount of citrate retained on the surface of SnO 2 is decreased for all citric acid-treated samples. The decrease is attributed to the decomposition of citrate moieties from the surface of SnO 2 . This suggests that the surface groups could come together and condense to form a densely packed SnO 2 lattice. This could lead to a decrease in surface area and the effect is more pronounced for higher concentrations of citric acid.
The pore volume of citric acid-treated samples decreased with a decrease in specific BET surface area which clearly suggests that the decrease in BET surface area is directly influenced by the pore volume (porosity).
Nitrogen adsorption-desorption isotherms of citric acid-treated SG1 is shown in Fig.   1 . Isotherms of other citric acid-treated samples (i.e. SG2, SG3, SG4 and SG5) were also found to be similar (not shown). The isotherms could be classified as type IV with straight H3 hysteresis loop above P/Po ≈ 0.6 which is characteristic of slitshaped pores. 10 This suggests that that the textural properties are influenced by external surface area. The flat and slightly concave curve in the low relative-pressure domain, P/Po < 0.2, is due the presence of very small microporosity. This type of adsorption-desorption isotherm is typical of clay minerals wherein nitrogen physisorption occurs between the aggregates of platelet particles. 10 The pore size distribution plot calculated using the Barrett-Joyner-Halenda (BJH) equation from the adsorption branch of the isotherm is shown in Fig. 1 (inset) . The material showed a relatively narrow pore size distribution (centred at 38 nm)
suggesting good homogeneity of the pores.
CP showed a hysteresis loop different from the citric acid-treated samples (SG1-SG5).
For this sample (CP) the hysteresis loop is changed from H3 to H1 type and this is supported by the pore size distribution which is found to be narrower (centred at 8 nm) than those of samples SG1-SG5. The surface morphology of the sample prepared by chemical precipitation procedure
(prepared in the absence of citric acid) was studied under the electron microscope and the typical SEM image is shown in Fig. 2 . The SEM image shows that CP is mainly composed of clusters of small agglomerated particles with somewhat uniform and spherical morphology. SEM images in Fig. 3 show the effect of concentration of citric acid on the microstructure evolution of Sol-gel synthesized materials (SG1-SG5). It was found that lower citric acid concentration (SG1) gave spherical shape morphology with uniform particle size. However, increasing the concentration of citric acid resulted in particle growth and the formation of somewhat spherical but irregular morphology (SG5). The SEM images suggest that the acid treatment step (citric acid) promotes particle aggregation and subsequently the deformation of particle morphology (Fig. 3e) . The decrease in the number of spherical particles at higher citric acid concentration is attributed to particle aggregation induced by the citrate. This is particularly in agreement with the BET results that showed a sharp decrease in surface area with the increase in citric acid concentration. It is noteworthy that all citric acid-treated samples revealed a relatively smaller surface area and larger particle size compared to CP. This suggests that the presence of citrate moiety promotes aggregation possibly by inducing charge accumulation on the surface leading to particles sticking together to form bigger particles. Zhijie Li et al. reported on the effects of citric acid on hydrothermally-prepared SnO 2 . In their study the presence of citric acid led to the formation of materials with larger surface area. 10 However, in our study the presence of citric acid in different concentration led to a sharp decrease in surface area. This clearly shows that the effects of citric acid are dependent on the method of preparation.
Not only does the variation of concentrations of citric acid lead to grain growth but morphological transformation too. SnO 2 particles transformed from regular sphere to irregular sphere and subsequently to polyhedron shape with an increase in citric acid concentration (i.e. 0.01 to 0.5M). The formation of polyhedron shape is thought to be due to self assembly of smaller particles. Self assembly growth is mediated by thermodynamics of the system and it is also time dependent. The presence of a chelating agent in the solution slows down the reaction and allows more time for growth after the nucleation process. The bigger grains have an overall reduced surface energy which is thermodynamically favourable. This clearly shows that citric acid influences the nucleation process and subsequently grain growth. The energy dispersive X-ray (EDX) spectrum of sample SG1 is shown in Fig. 4 . All samples gave similar EDX spectra (not shown). EDX spectrum revealed that the material is only composed of Sn and O atoms. This shows that the citrate moiety was completely removed during the washing step. The relationship between the concentration of citric acid and particle size as determined by SEM is shown in Fig. 5 . It can be seen that average particle size of 
Raman
Structural comparison between CP and SG series samples is revealed by the Raman results (Fig. 7) . The CP profile revealed the presence of two main bands at 633 and 774 cm -1 which are assigned to a tetragonal rutile structure of SnO 2 material. 30 The broader and relatively weaker bands are due to the poor crystallinity of the CP sample. These peaks might have shifted due to the size effect. More peaks were (Fig. 9) . The TGA profiles of the samples were collected under oxygen and nitrogen ambiences. However, the profiles of CP and those of SG series samples were found to be similar under both ambiences. As such only CP and SG1
profiles collected under nitrogen atmosphere are shown in Fig. 9 . 
